We studied dynamics of the isolated population of Melamphaus faber, a seed feeding pyrrhocorid bug and Raxa nishidai, its specialist predator, in the Bogor Botanic Gardens, West Java, Indonesia over 9 years intermittently from 1990 to 1998. Throughout the entire census periods, reproduction was always observed. The density of M. faber was fairly stable among years, which was closely synchronized with the annual changes in the food availability but not with those in the predation level. These results suggest that availability of the food resource exclusively determines the population dynamics of M. faber. Although the number of fruits largely fluctuated year to year, the number of the fruits accumulated on the ground, the actual food resource level, was fairly constant, which may contribute to the stable population dynamics of M. faber. The density of R. nishidai was extremely low but persistent over the years in spite of the fact that the population was completely isolated from adjacent populations.
. Detailed population analysis based on life-table construction is necessary to identify factors involved in population fluctuations quantitatively and in particular to examine the effect of natural enemies (Bellows et al., 1992; Nakamura et al., 1990) . Nakamura and his colleagues have carried out detailed population studies on a phytophagous ladybird beetle (Nakamura et al., 1988; 1990) , using the mark-recapture method in Padang, West Sumatra, climate of which is warm and rainy all the year round. According to Nakamura et al. (1988 Nakamura et al. ( , 1990 distinct generations (on average 8 generations a year) were evident particularly in the egg stage, though some degree of overlap in adult generations also existed. They also showed that a 48-day cycle of rainfall was clearly recognized by power spectral analysis (Nakamura et al., 1990) , and consequently suggested that the rainfall cycle had a relevance to shoot growth of host plants, which in turn accelerate the oviposition activities, at least to some extent. This mechanism may play a role to maintain the discreet generation in the ladybird, however, the synchronization may be apparent since substantial, though not large, differences were detected between the cycle of the rainfall and the ladybird populations. Thus, other unknown mechanisms, would operate to synchronize generation against perturbation, as adult lifespan was fairly long and overlapped (Nakamura et al., 1990) .
Various hypotheses have been addressed to what mechanisms are involved in the generation-like phenomena widely observed in tropical insect populations. Corresponding data, however, are still only scarce and fragmental. In order to quantify relative contribution of various possible agents or mechanisms to population dynamics phenomena, detailed population tracking based on life table construction is indispensable (Bellows et al., 1992; Nakamura et al., 1990) . In spite of such accepted recognition, detailed population studies in tropical insects, particularly inhabiting in tropical rain forests are rare, because the construction of life tables is usually laborious and difficult by practical difficulties entailed, such as high dispersal ability and/or low density of insects.
The pyrrhocorid bug Melamphaus faber studied here, is a suitable material for detailed population study, because of the sedentary habits and easiness to find by its aposematic coloration. Moreover, the population was completely isolated from adjacent populations so that mortality could be rather easily ascribed to the agents without relevance to dispersal. This study preliminary describes the population processes of male and female adults of M faber.
MATERALS AND METHODS

The pyrrhocorid bug, Melamphaus faber Fabricius
The pyrrhocorid bug, Melamphaus faber (PI. 1-a) is widely distributed in tropical rain forests in South East Asia (Miller, 1932; Kalshoven, 1981) and once was a serious pest of the Hydnocarpus trees, seed of which was the raw material for therapy oil for leprosy until the discovery of the specific remedy (Miller, 1971) . The pyrrhocorid bug preferentially feeds on seeds of Hydnocarpus anthelmintica throughout all the developmental stages, probably because the outer rind of the fruits is so thin as to be less resistant to the stylets of the bug, compared with other hydnocarpus species (Miller, 1971) . Females laid an egg mass, each comprising 174.44±31.07 eggs (m±s.d., n=48, in 1990-91) , within soil or debris beneath the ground surface, so that we found only a few egg masses in the field. Moreover, few eggs successfully hatched in the laboratory condition. Thus, we did not obtain precise data on the hatchability. The hatched nymphs spend 5 instars before molting to adult. The developmental period PI. 1. (a) A mating pair (left) and a newly molted adult female (right) of Melamphausjaber, the prey, resting on leaves at night, in the Bogor Botanic Gardens, Bogor, West Java, Indonesia in Nov., 1991. The adults change the body coloration ontogenically from red-black to yellowblack (see the text). (b) A newly molted adult female (right) and two 5th instar nymphs (left) of Raxa nishidai, the predator in the study site in Nov., 1998.
of each instar under rearing condition (natural day length and room temperature) was 17.8±2.2 days (n=26) for 1st and 2nd instar combined, 8.9±1.2 (n=30) for 3rd instar, 14.6±2.1 (n=33) for 4th instar, and 21.5±3.8 (n=37) for 5th instar. Fifth instar nymphs just before molting move to nearby plants where they stay until adult emergence. Teneral adults, colored in striking red and black, stay around the molting site for several days until their body become fully hardened, then move onto the ground for feeding. Within about 10 days of feeding, most adults become sexually mature and gradually darken in the body coloration, finally resulting in entire black except ventral abdomen. The pattern of change in body coloration suggests that sexually immature adults are highly conspicuous particularly against green leaves, but sexually mature adults are rather cryptic against the ground coloration. Both adult males and female feed on the ground during daytime, but move to nearby plants where they stay at night. The pyrrhocorid bug hardly fly but just walk on the ground so that the dispersal ability is extremely limited within the study area, though Miller (1932) suggested that M faber moved by flight among host plant orchards in Malay peninsula. Moreover, the pyrrhocorid bug had a strong tendency to aggregate in the natal habitat rather than to disperse. All these habits made the pyrrhocorid bug a suitable material for population tracking. The pyrrhocorid bugs usually continued genital contact for an exceptionally long period, on average about one week, maximally up to 19 days (Nishida, unpublished) . This long copulation duration can be regarded as a postcopulatory mate guarding of males (Nishida, unpublished) .
The predatory pyrrhocorid bug, Raxa nishidai Schaefer
Raxa nishidai (PI. I-b) was newly described based on the specimens collected at the study area (Schaefer, 1999) . R. nishidai forages only on the pyrrhocorid bug, M. faber. In the study site, no other victims other than M faber have been ever found over 9 years of all the observation period, strongly indicating the predatory bug as a specialist on M faber. The predator closely resembles the prey at the first sight. The apparent resemblance can be attributed to either Mullerian mimicry or aggressive mimicry (WickIer, 1968) , but not to homology considering fairly large morphological differences in details between the prey and predator.
The study area
The study was carried out in the Bogor Botanic Gardens, Bogor, West Java (6°40'S, 106°45'E, 280m above sea level), where the temperature was warm and stable all the year round (lowest in January, 25.3°C, and highest in May and September, 26.8°C) and rainfall was slightly seasonal (3820mm / year) (Nakamura et al., 1994) . The study area is ca. 500 m 2 , located within the central part of the Bogor Botanic Gardens. The study area was completely isolated from other potential habitats since no host plant was found around the Botanic Garden, and dispersing ability of the bug was virtually limited. In the study area, Hydnocarpus anthelmintica and H. alpina, two species of host plants occur, with some other trees and shrubs some of which were used as resting or molting sites. Amongst the host plants, seeds of H. anthelmintica was exclusively preferred by the bug. In order to examine the amount of food resource, number and size of fallen fruits were recorded.
Population census
Population censuses were carried out 7 times intermittently over 9 years from 1990 to 1998: the first census from Nov. 25, 1990 25, -Feb. 15, 1991 ; the second one from Nov. 21 -Jan. 31, 1992; the 3rd one from Dec. 24, 1993 -Feb. 12, 1994 ; the 4th one from Aug. 24 -Sept. 20, 1994 ; the 5th one from Oct. 27 -Nov. 27, 1996; the 6th one from Aug. 20 -Sept. 27, 1997, and the 7th one from Aug. 23 -Sept. 29, 1998 . During the first ('90-'91), 4th ('94) and 6th ('97) study periods, all the reproductive adults were marked and traced throughout the census period so that lifetime reproductive success of some marked bugs was also obtained. All the newly emerged adults were marked, by painting 4 color spots in the first study period, or individual code (in the 4th and 6th) on the ventral surface with a quick drying felt pen. For all the bugs, their location, sex, body coloration (aposematic, intermediate or cryptic), and whether in copula or not were recorded. Females cyclically ovated approximately every 10-15 days with the great distention of the abdomen, and laid maximally up to 4 egg batches during life. The cyclical changes enabled us to grade the abdomen shape into following four classes: 1; flat, 2; slightly swollen, 3; apparently swollen without distention of dorsal abdomen, and 4; maximally swollen also with distention of dorsal abdomen. These grades are defined as the ovary developmental stage, and recorded for all females found.
During the second, third, 5th and 7th study periods only casual censuses with mass-markingreobservation method were performed. In this article, we estimated density of the population in a given day for all the 7 study periods by Petersen method (Seber, 1982) .
We also censused nymphs intermittently 18 times during the first study period checking the number, instar, sex, location and mortality factors to construct the life table. Some of each instar (78, 58, 85 and 125 individuals for 1st and 2nd instars combined, 3rd, 4th, and 5th instar, respectively) were mass marked and released, then were recaptured to obtain the average recapture rate(5.13, 21.26, 36.47 and 57.87 % for 1st-2nd instar combined, 3rd, 4th and 5th instars, respectively). The density of each instar was calculated as follows: total incidence of each instar found was divided by proportion of census days, recapture rate and average duration of each instar period. Except for the first study period, only 4th and 5th instars were censused. Fig. 1 shows the population fluctuation of the adult males and females of M. faber in the study area intermittently from 1990 to 1998. The density was fairly constant, considering that the study area was completely isolated from other potential habitats so that no immigration or emigration occurred. The adult density was estimated to be highest in 1998 (1609 males and 1221 females) and lowest in 1993-94 (203 males and 153 females). Among these observation periods, the 90-91, 91-91, and 93-94 periods corresponded to the rainy season, while the 94, 97, and 98 periods did to the dry season, and the 96 period did to a turn of the dry-rainy season. This indicates that the adults occur throughout year. Table 1 is the stage-specific life table of M. faber constructed in Nov. 1990 -Feb. 1991 . In other study periods, we did not construct the life tables because survival processes of early instars were not censused. The largest mortality was ascribed to mortality during eggs-1st or 2nd instar, though we could not measure the hatchability of eggs directly. Instead, the hatchability was estimated by the density of 1st and 2nd instar nymphs, showing that only 11 % of eggs were estimated to hatch and successfully reached 1st or 2nd instar. Although it was difficult to estimate the density of young nymphs accurately, the discrepancy between the number of eggs laid and the number of hatched nymphs was fairly large. This leads to suggest that some critical mortality factors operated in the egg stage. During 4th and 5th instar stage, predation by R. nishidai played a crucial role for the mortality.
RESULTS
Population fluctuation of M. faber
Mortality factors
Mortality agents in the adult stage Mortality agents in the adult stage were shown in Fig. 2 . Most of the mortality factors were unknown. However, observation showed that some aged bugs seemed to be apparently physiologically deteriorated and close to death because they walk totteringly or hardly walk. Therefore, if found dead, those were classified as death by senescence. Senescence was rather common in 1990-91 (14% for males and 26 % for females), but was rarer in 1994 and 1997. Instead, increasing number of bugs were crushed under human foot in 1994 and 1997, because more people visited the study site on holidays in these years. Human induced mortality, however, did not seem so large, considering a large number of people walking around the study site, particularly on holidays. Casual observation revealed that M. faber was considerably sensitive to human approach and fled immediately, as well as to approaching predators. Other biological mortality agent ever recognized was the predation by R.
nishidai, the species-specific predatory bug. Only 5 to 8 % of mortality were ascribed to the predation in 1990-91 and 1994, since the density of the adult predators was extremely low (see the section of "The predator") and their foraging activities were more allocated toward 5th instar prey, which were more easily captured and handled. In contrast, the predation was much enhanced in 1997 (47 % for males and 31 % for females) due to a rapid increase in the predator density.
The size and coloration of the predatory bug closely resembled to the prey, M. faber, and the predatory bug exclusively foraged on the prey, suggesting that the apparent resemblance is aggressive mimicry, though the effect of the mimesis is still vague.
Survivorship curve
Since only the limited mortality agents affected the adult population of M. faber, the survival rate was exceptionally high as insects (Fig. 3 ). Compared males with females, the survival rate was higher in males than in females in 90-91, however the tendency was obscure in 94 and 97. Both the adult males and females spent ca. one week on a shrub or tree where they molted without feeding until the body fully hardened. During this period almost no males and females died. After the period, the males and females moved onto the ground, and there fed on the seeds of the host plant till sexual maturation (14.1 days for males and 11.0 days for females in 1990-91). During the pre-reproductive period mortality was fairly low and similar between males and females in each research period (e.g., the survival rates 10 days after emergence were 0.94, 1.0 and 1.0 for males, and 0.92, 0.98 and 0.98 for females in 90-91, 94, and 97, respectively). After entering the reproductive period, the male mortality was lower than the female mortality particularly in 90-91, resulting in the male-biased sex ratio in the aged cohort (e.g., the survival rates 25 days after emergence were 0.68, 0.73 and 0.77 for males, and 0.61,0.71 and 0.72 for females in 90-91, 94, and 97, respectively).
Food resource Fig. 4 shows yearly changes in the food resource. As the index of the food resource level, the following three indices were shown: the number of newly fallen fruits of the host trees, the number of fallen fruits accumulated on the ground, and the number of the fruits bearing on the trees. Each of these three indices denote newly supplied resource, available resource at present, and near future resource, respectively. All the three indices showed similar fluctuation patterns. As the factors, the food resource levels (the number of the fruits accumulated on the ground, that on the trees, and that newly dropped a day) and the predation level (the density of the predator and the relative density of the predator) were examined. Of these factors, the number of the fruits accumulated on the ground fluctuated very similarly with the density of M. faber, suggesting that the available food resource level mostly determine population dynamics and density level of M. faber. In contrast, the other factors fluctuated rather differently with the density of M. faber, even though the correlation between the predator density and the prey density was quite high (r 2 =0.782). According to the classification of tropical insect seasonality by Wolda (1988) , the pyrrhocorid bug may be aseasonal species (type 3), which occurs more or less constantly around the year (type 3A) or occurs with unpredictable irregular variation, unrelated to seasons (type 3B). The aseasonal species comprised only 7.5 % of 426 species of Homoptera, sampled by light trap over 12 years in Panama (Wolda, 1988) . The present study suggests that the amount of the food resource exclusively determined the density fluctuations of M. faber. The effect of predation on the population dynamics seemed to be miner, though still vague. Further study on long-term dynamics is required to draw conclusion in order to unveil underpinning mechanisms behind the aseasonal density fluctuation of M.
DISCUSSION
faber.
Mortality factors
Of all the life stages the largest mortality was due to mortality in egg stage. It is still unknown what mortality factors were involved in such high egg mortality. Even under laboratory conditions hatchability of eggs were extremely low (only two eggs hatched among 3858 eggs examined, Nishida unpublished), as was also suggested by Miller (1932) , so that whether the eggs were really fertilized should be examined. The smallest population density was less than five hundred, moreover, the population was completely isolated from adjacent populations because of poor flight ability and habitat fragmentation. These results may suggest a small effective size of population and resultant effect of inbreeding depression.
It is yet unknown to what extent inbreeding occurs. However, as previously referred, low hatchability of eggs was also reported in a Malaysian population in which dispersal was commonly observed (Miller, 1932) . Further examination is necessary to specify the mortality agent in the egg stage.
No parasitoids were observed, though Miller (1932) reported a tachinid fly parasitizing M. faber in a Malaysian population.
Prey-Predator interaction
Except the egg stage, predation by R. nishidai which was extremely specialized to feed on M. faber, was the largest mortality agent. Predation was most intense particularly on the 5th instar, because both adults and 5th instar of R. nishidai preferentially fed on 5th instar of the prey. The density of the predator population was always extremely low. Bogor Zoological Museum preserved one female specimen of R. nishidai among many specimens of M. faber, both of which were collected on- Aug. 20, 1975 in the Bogor Botanic Garden, suggesting that the population of the predatory bug had persisted at least for these 24 years. It was surprising that the predator population persisted for a long period at least 24 years, even though the predator has following characteristics usually being regarded as disadvantageous for population persistence: the extremely low density, strong philopatry without dispersal partly due to poor flight ability, monophagy, and isolation from other potential habitats.
According to the accepted view of population extinction, small population size itself tends to lead extinction through demographic and environmental stochasticity, and genetic deterioration by inbreeding (Lawton, 1995) . What factors have been involved in the persistence of the M. faber and R. nishidai population? Extreme high survivorship of the adults and low reproductive ability were observed both in the predator and the prey (Nishida, unpublished) , which may contribute the T. NISHIDA, K. NAKAMURA, & W. A. NOE~DJITO persistence. In addition, the poisonous and aposematic traits have enabled the prey population to escape from would-be predators, and further have protected the mimetic predator from potential mortality agents. These ecological characteristics might not be rare in persistent insect species with extremely low densities, which are inhabiting in tropical rain forests with the largest biological diversity.
